METHODS FOR FORMING A THIN FILM ON AN INTEGRATED CIRCUIT DEVICE 
BY SEQUENTIALLY PROVIDING ENERGIES TO ACTIVATE THE REACTANTS 



CROSS REFERENCE TO RELATED APPLICATION 
5 This application claims priority under 35 USC § 119 to Korean Patent Application No. 

2003-20786, filed on April 2, 2003, the contents of which are herein incorporated by reference in 
its entirety as if set forth fully herein. 



BACKGROUND OF THE INVENTION 

10 1 . Field of the Invention 

The present invention relates to methods for forming a thin film on a substrate. More 
particularly, the present invention relates to methods for forming a thin film on an integrated 
circuit device by providing reactants and energies in a deposition chamber. 
2. Description of the Related Art 

15 Chemical Vapor Deposition (CVD) is a popular method of material delivery for 

integrated circuit device fabrication because of the potential high throughput, good conformal 
coverage, potential for selectivity, and/or relatively low cost. In the CVD process, a precursor 
molecule incorporating the desired growth element is used to deliver atoms of that element to a 
surface. A potential precursor molecule can have such desirable qualities as a high selectivity of 

20 surface types, and the promotion of smooth conformal growth. Ideally, the precursor molecule 
adsorbs on the surface, diffuses, and dissociates into the growth element and other molecular 
fragments. These fragments desorb from the surface leaving only the growth element on the 
surface. For this to be the case, the precursor - surface match should be a good one and the 
surface temperature should be above the precursor dissociation temperature but below the 

25 dissociation temperature for its fragments. 
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It may be desirable for a dielectric layer formed on an integrated circuit device to have a 
high capacitance. The dielectric layer may be uniformly formed to reduce or prevent defects 
from occurring therein. Thus, it may be desirable for the dielectric layer to have excellent step 
coverage and uniformity. A dielectric layer formed through a typical CVD process or a typical 
5 physical vapor deposition (PVD) process may have inferior step coverage because the PVD 
process thermally provides reactants to a substrate. Moreover, the dielectric layer formed by the 
CVD process may have a difficulty in controlling of step coverage because the CVD process 
simultaneously uses a plurality of reactants. As a result, a thin film, such as the dielectric layer, 
formed through the PVD process or the CVD process may have low reliability. 

10 Recently, methods for forming a thin film having improved step coverage and uniformity 

have been produced by an epitaxial growth process, a cyclic CVD process, a digital CVD process 
and an advanced CVD process. However since the formation of the layer by the epitaxial growth 
process may take for a long time due to the growth of the molecular units, it may be undesirable 
to employ the epitaxial growth process in integrated circuit fabricating processes. 

1 5 Atomic layer chemical vapor deposition (AL-CVD) or atomic layer deposition (ALD) 

can also used for depositing thin films. ALD is similar to CVD except that the substrate is 
sequentially exposed to one reactant at a time. ALD is performed by introducing a first reactant 
on to a heated substrate whereby it forms a monolayer on the surface of the substrate. Excess 
reactant is pumped out. Next a second reactant is introduced and reacts with the first reactant to 

20 form a monolayer of the desired film via a self-limiting surface reaction. The process may be 
self-limiting since the deposition reaction halts once the initially adsorbed (physi- or chemi- 
sorbed) monolayer of the first reactant has fully reacted with the second reactant. Finally, the 
excess second reactant is evacuated. The above sequence of events comprises one deposition 
cycle. The desired film thickness is obtained by repeating the deposition cycle the desired 

25 number of times. 
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In contact-heating methods used in the typical CVD and ALD processes, a substrate is 
heated to form a layer on the substrate. Problems may occur with these processes because the 
temperature of the substrate may not be readily controlled according to a temperature of reactants 
in the contact-heating method. This lack of control may be due to the problems associated with 
5 transmitting a heat to the substrate. Thus, the substrate may be subject to various delays due to 
changes in the temperature as it is moved from one deposition chamber to another when multi- 
layer films are formed. The additional deposition chambers may also drive up the costs of 
producing a multi-layer film. 

Additionally, methods that can reduce the time for controlling a reacting temperature 
10 have been studied. A method for controlling the reacting temperature in an ALD process is 
disclosed in U.S. Patent Publication No. 2002/0066411 (hereinafter the '66411 Application). The 
'66411 Application utilizes a single, fixed substrate temperature setpoint as the principal means of 
controlling or driving the deposition reaction. The '66411 Application does this by allowing one 
part of the ALD process sequence (e.g., adsorption of the first reactant) to occur at a first 
1 5 temperature, generally lower, while allowing another part of the ALD process sequence (e.g., 
reaction between the second reactant with the adsorbed first reactant) to occur at a second 
temperature, generally higher). The '6641 1 Application allows for the first temperature chosen to 
be a lower level such that decomposition or desorption of the adsorbed first reactant does not 
occur, and the second temperature can be chosen to be of a higher level. Unfortunately by 
20 rapidly heating the substrate, the speed for cooling the substrate may not be as controllable which 
may lead to errors in the deposition process. 

A method for forming a thin film using a microwave has been disclosed in Korean 
Patent Laid Open Publication No. 2002-0091643. This application discloses a thin film that may 
be formed on a substrate at a relatively low temperature. The substrate is also directly heated so 
25 that time for cooling the substrate may be too long. Moreover, a single layer may be only 
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formed in a single chamber under this method. In other words, although time for heating a 
substrate may be reduced, time for cooling the heated substrate may be conversely increased. 
Additionally, the number of chambers may increase proportional to an increased number of kinds 
of layers. As a result, the unit cost of an integrated circuit device may increase due to the 
5 decrease of the efficiency in integrated circuit fabrication. 

SUMMARY OF THE INVENTION 
A method for forming a thin film on a substrate comprising simultaneously providing 
reactants at a surface of a substrate disposed in a chamber, sequentially providing energies to the 

10 reactants to separately activate molecules of the reactants, and depositing the activated molecules 
on the surface of the substrate to form a thin film. Addition embodiments can include providing 
a first energy to the reactants to selectively activate a first reactant among the reactants, 
depositing the activated first reactant on the surface of the substrate to form a chemisorbed layer, 
providing a second energy to the reactants comprising the first chemisorbed layer to increase the 

1 5 temperature of the surface of the first chemisorbed layer, and depositing a second reactant among 
the reactants on the first chemisorbed layer to form the thin film. Other embodiments may 
include providing a third energy to the reactants comprising the first thin film to increase the 
temperature of the first thin film, depositing a third reactant among the reactants on the first thin 
film, the temperature of which has been increased, to form a second chemisorbed layer, 

20 providing a fourth energy to the reactants comprising the second chemisorbed layer to increase 
the temperature of the second chemisorbed layer, and then depositing a fourth reactant among the 
reactants on the second chemisorbed layer to form a second thin film on the first thin film. 

Other embodiments of the present invention may include methods for forming a thin film 
on a substrate comprising introducing a first reactant into a chamber, providing a first energy to 

25 the first reactant to activate the first reactant, depositing the activated first reactant on the 
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substrate to form a chemisorbed layer, exhausting the first reactant remaining in the chamber, 
introducing a second reactant to the chamber, providing a second energy to the chemisorbed 
layer to increase the temperature of the reactants comprising the chemisorbed layer, and then 
depositing the second reactant on the chemisorbed layer to form a thin film on the substrate. 
5 Additional embodiments may include wherein the thin film is a first thin film, the method further 
comprising exhausting the second reactant remaining in the chamber, introducing a third reactant, 
providing a third energy to the first thin film to increase the temperature of the reactants 
comprising the first thin film, depositing a third reactant on, the first thin film, the temperature of 
which has been increased, to form a second chemisorbed layer, exhausting the third reactant 

10 remaining in the chamber, introducing a fourth reactant, providing a fourth energy to the second 
chemisorbed layer to, increase the temperature of the reactants comprising the second 
chemisorbed layer, depositing the fourth reactant on the second chemisorbed layer, the 
temperature of which has been increased, to form a second thin film on the first thin film, and 
exhausting the fourth reactant remaining in the chamber. This process can be repeated to form 

1 5 multilayer films. 

A method for forming a thin film on a substrate in a chamber comprising introducing a 
first reactant to a polar surface of a substrate in a deposition chamber, providing a first energy to 
the substrate to increase the temperature of the substrate, providing a second energy to the first 
reactant to activate the first reactant, depositing the first reactant on the surface of the substrate to 

20 form a first chemisorbed layer, exhausting the first reactant remaining in the chamber, providing 
a second reactant to the chamber, providing a third energy to the reactants comprising the first 
chemisorbed layer to increase the temperature of the reactants comprising the first chemisorbed 
layer, providing a fourth energy to the second reactant to activate the second reactant, and then 
depositing the second reactant on the first chemisorbed layer to form a thin film on the substrate. 

25 

5 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1A to IE illustrate chemical reactions for forming a thin film according to 
embodiments of the present invention. 

FIGS. 2A to 2D depict additional chemical reactions that illustrate methods for forming a 
5 thin film according to embodiments of the present invention. 

FIGS. 3A to 3F illustrate further chemical reactions for forming a thin according to 
embodiments of the present invention. 

FIGS. 4A to 4H depict cross sectional views of an integrated circuit device formed by 
embodiments of the present invention according to embodiments of the present invention. 

10 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The foregoing and other aspects of the present invention will now be described in more 
detail with respect to the embodiments described herein. It should be appreciated that the 
invention may be embodied in different forms and should not be construed as limited to the 
1 5 embodiments set forth herein. Rather, these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the scope of the invention to those skilled in 
the art. 

It will be understood that when an element such as a layer, a region or an integrated 
circuit device is referred to as being "on" another element, it can be directly on the other element 
20 or intervening elements may also be present. It will be understood that if part of an element, such 
as a surface of a conductive line, is referred to as "outer", it is closer to the outside of the 
integrated circuit than other parts of the element. Furthermore, relative terms such as "beneath" 
may be used herein to describe a relationship of one layer or region to another layer or region 
relative to an integrated circuit device or a base layer as illustrated in the figures. It will be 



6 
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understood that these terms are intended to encompass different orientations of the device in 
addition to the orientation depicted in the figures. Finally, the term "directly" means that there 
are no intervening elements. 

The present invention includes methods for forming a thin film on a substrate such as an 
5 integrated circuit device. In embodiments of the present invention, reactants may be 
simultaneously or subsequently introduced into a single chamber. Energies can then be provided 
to the reactants to selectively activate a specific reactant among the reactants. Diverse thin films 
can be formed in the single chamber under atmosphere for selectively activating the reactants so 
that processing time for fabricating an integrated circuit device may be reduced. 
10 Embodiments of the present invention can include simultaneously introducing four 

I 

reactants in a deposition chamber to produce a thin film on a substrate. These reactants can form 
I a thin film on the substrate in a number of methods. One such method can include providing a 

first energy to a first reactant so that the first reactant becomes activated. The first reactant can be 
activated through collisions, vibrations and/or rotations of molecules created by the kinetic 

' 1 5 energy of the first reactant. The energy provided to the first reactant can correspond to an electric 

i 

field. The energy can include an alternating current or light energy such as a microwave or 
| infrared rays. The activated first reactant can then be deposited on to a substrate to form a first 

chemisorbed layer on the substrate. 

A second energy can then be provided to the first chemisorbed layer to activate the 

20 reactants comprising the first chemisorbed layer to have a first temperature lower than the 
dissociation temperature of molecules in the first chemisorbed layer. The first chemisorbed layer 
is activated by the rotations and/or vibrations of the materials comprising the first chemisorbed 
layer. The second energy provided can correspond to an electric field, which can include an 
alternating current or light energy. When both the first and second energies provided correspond 

25 with an alternating current, a first reactant provided to the deposition chamber, or a second 
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reactant provided to the deposition chamber comprises a polar material. After the first reactant is 
deposited, the second reactant is deposited on the activated first chemisorbed layer to form a first 
thin film on the substrate. Additional energy can be further provided to the surface of the 
substrate and the second reactant. 

A third energy is then provided to the first thin film to activate the first thin film. The 
third energy provided also can correspond to an electric field wherein said energy can include an 
alternating current or light energy. A third reactant is then deposited on the activated first thin 
film to form a second chemisorbed layer. Next, a fourth energy is provided to the second 
chemisorbed layer to activate the second chemisorbed layer. Again, the fourth energy provided 
can correspond to an electric field wherein said energy can include an alternating current or light 
energy. The second chemisorbed layer is activated so that it has a lower dissociation temperature 
of molecules. The fourth reactant is then deposited on the activated second layer to form a 
second thin film on the first thin film. Additionally, energy can be further provided to activate the 
third and fourth reactants. Additionally, the substrate may be activated for aiding the formation 
of the chemisorbed layer. Multiple films can be formed on the substrate by repeating the above 
procedures. 

Embodiments of the present invention also include introducing a first reactant to a 
deposition chamber wherein a substrate is disposed in the chamber. A first energy can then be 
provided to the first reactant to activate the first reactant. The first reactant is activated through 
collisions, vibrations and/or rotations of molecules of the first reactant caused by the kinetic 
energy of the first reactant. The activated first reactant can be selectively deposited on the 
substrate to form a first chemisorbed layer on the substrate. Additionally, materials of the first 
chemisorbed layer can be further activated. The remaining first activated reactant in the chamber 
can then be exhausted. 
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A second reactant can then be introduced to the chamber and substrate. A second energy 
may be provided to the first chemisorbed layer to activate the reactants comprising the first 
chemisorbed layer to have a temperature lower than the dissociation temperature of reactant 
molecules in the first chemisorbed layer. The first chemisorbed layer is activated through 
5 rotations and/or vibrations of materials in the first chemisorbed layer. The first and second 
energies can include an alternating current field or light energy. When the first and second 
energies are both an electric field, either the first reactant or the second reactant may have 
polarity. The second reactant is then deposited on the activated first chemisorbed layer to form a 
first thin film on the substrate. The second activated reactant remaining in the chamber can then 
10 be exhausted. 

Next, a third reactant is introduced on to the first thin film. A third energy can be 
provided to the first thin film to activate the reactants comprising the first thin film wherein the 
temperature of the first thin film is lower than the dissociation temperature of the reactant 
molecules in the first thin film. The third reactant is then deposited on the activated first thin film 
15 to form a second chemisorbed layer. The third reactant remaining in the chamber can then be 
exhausted. 

A fourth reactant can then be introduced on to the second chemisorbed layer by 
providing a fourth energy to the second chemisorbed layer. The fourth energy can activate the 
second chemisorbed layer. The fourth reactant can be deposited on the activated second 
20 chemisorbed layer to form a second thin film. After the fourth reactant is deposited, the 
remaining reactants in the chamber can be exhausted. Additionally, energy may be further 
provided for activating the third and fourth reactants. By repeating the process multiple times, 
multi-layer films can be formed on the substrate. 

Additional embodiments of the present invention can include introducing a first reactant, 
25 substituted to have polarity on the surface of a substrate in a deposition chamber. A first energy 
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can be provided at the surface of the substrate to activate substituents on the surface of the 
substrate. A second energy can then be provided to selectively activate the first reactant. The 
activated first reactant can then be deposited on the surface of the substrate to form a 
chemisorbed layer. The remaining activated first reactant in the chamber can then be exhausted. 
5 Next, a second reactant can be introduced on to the chemisorbed layer. A third energy can then 
be provided to the chemisorbed layer to activate the deposition layer. Then a fourth energy can 
be provided to the second reactant to selectively activate the second reactant. The second 
activated reactant can then be deposited on the chemisorbed layer to form a thin film. 

The layers formed in some embodiments of the present invention may have improved 

1 0 step coverage and uniformity. 

Additionally, some embodiments of the present invention allow for thin multi-layers 
having desired kinds and thickness to be formed in a single chamber at a readily controllable 
temperature. In some embodiments of the present invention, a temperature of a substrate is 
controlled through the motion of the molecules so that a heated portion may be provided on the 

1 5 surface of the substrate. Accordingly, processing time for fabricating an integrated circuit device 
may be reduced. 

The present invention is explained in greater detail in the Examples that follow. These 
examples are intended as illustrative of the invention and are not to be taken are limiting thereof. 

20 Example 1 

FIGS. 1A to IE illustrate chemical reactions for forming a thin film according to 
embodiments of the present invention. FIG 1A illustrates a hydroxyl group 115 adhering to a 
surface of a substrate 110 having a polarity. The surface of the substrate 110 may be substituted 
for the hydroxyl group 115 through a typical cleaning process. A microwave applied to the 
25 surface of the substrate 110 generates an alternating current field. The alternating current field 

10 
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induces a rotary motion of the hydroxyl group 115. The hydroxyl group 115 then collides with 
other hydroxyl groups by the rotary motion to dissipate heat. The substrate 1 10 is maintained at a 
constant temperature by controlling a frequency and a power of the microwave. 

FIG IB illustrates the reactants introduced on to the surface of the substrate including a 
5 first metal precursor 120 to form a first dielectric layer in accordance with the following reaction 
equation (1). 

Zr(NMe 2 ) 4 + 2H 2 0 -> Zr0 2 + 4H-N(Me) 2 (1) 

Wherein Me represents -CH 3 . 

FIG 1C depicts Zr(NMe 2 ) 4 introduced on the substrate. Zr(NMe 2 ) 4 is activated by the 
10 heat dissipated from the surface of the substrate. Activated Zr(NMe 2 ) 4 is chemisorbed on the 
surface of the substrate to form a chemisorbed material 130. As noted in FIG 1A, the surface of 
the substrate is substituted for the hydroxyl group. Alternatively, an infrared ray may irradiate the 
first metal precursor. The reactants that do not participate in the chemical reaction, but remain in 
the chamber, are exhausted. 
15 FIG ID shows a water vapor (H 2 0) 140 introduced on to the chemisorbed material. 

FIG IE illustrates that both ends of the water vapor and the chemisorbed material are mutually 
substituted. This figure also illustrates that the end of the chemisorbed material is substituted for 
the hydroxyl group to form the first dielectric layer 145 including Zr0 2 . Any reactants, which do 
not participate in the formation of the first dielectric layer and remain in the chamber, are 
20 exhausted. The remaining material forms a thin film on the substrate. 

Additionally, thin films comprising multi-layers having a desired kind and thickness may 
be formed by repetitive processes in which the reactant is introduced and then chemisorbed. The 
hydroxyl group may also be removed by a typical annealing process. The energy source utilized 
for activating the reactant may be used according to characteristics of the reactant. 

25 
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Example 2 

FIGS. 2A to 2D illustrate an additional method for forming a thin film according to 
embodiments of the present invention. FIG 2A illustrates reactants that are simultaneously 
introduced on to a substrate 210 in a deposition chamber. These reactants may be introduced 
5 based on their dielectric layer. FIG 2A illustrates that the reactants do not react with each other. 
Instead, an infrared ray 200 having a natural wavelength for separately driving the reactants is 
selectively irradiated to the reactants so as to subsequently activate the reactants. FIG 2 A depicts 
the activated reactants including a first metal precursor 220 which are introduced on to the 
substrate 210 to form a first dielectric layer in accordance with the following reaction equation 
10 (2). 

2A1(CH 3 ) 3 + 0 3 -> A1 2 0 3 + 3C 2 H 6 (2) 

A first infrared ray 200 having a wave number for driving A1(CH 3 ) 3 is irradiated to the reactants. 

FIG 2B illustrates that after A1(CH 3 ) 3 collides with other molecules it becomes activated. 
Activated A1(CH 3 ) 3 is chemisorbed on to the substrate 210 to form a chemisorbed layer 230. A 
1 5 second infrared ray 200a having a wave number for activating 0 3 240 is then irradiated to the 
chemisorbed layer 230. 

FIG 2C depicts 0 3 activated by the second infrared ray to form a first dielectric layer 245 
including A1 2 0 3 . FIG 2D illustrates that the reactants including a second metal precursor, react 
with the first dielectric layer 245 to form a second dielectric layer 250 in accordance with 
20 following reaction equation (3) 

HfCU + 2H 2 0 Hf0 2 + 4HC1 (3) 

A third infrared ray then irradiates HfCLj to activate HfCU. Activated HfCU is then chemisorbed 
on the first dielectric layer 245. A fourth infrared ray then irradiates H 2 0 to form a second 
dielectric layer 250 including H 2 0. The remaining reactants in the chamber are then exhausted. 
25 This process allows for thin multi-layers having various desired kinds and thickness to be formed 

12 
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by repetitive processes in which the reactant is introduced and then chemisorbed. Alternatively, 
thin multi-layers may be formed in a single chamber using an atomic layer deposition (ALD) 
process using the above method. 

Example 3 

FIGS. 3A to 3F illustrate additional embodiments for forming a thin film. FIG 3A 
illustrates a substrate 310 disposed in a chamber. A microwave was applied to the surface of the 
substrate 310 to generate an alternating current field. The alternating current field induces a 
rotary motion of hydroxyl groups introduced into the chamber. The hydroxyl groups collide with 
each other by the rotary motion to dissipate heat. Here, the substrate 310 may be maintained at a 
uniform temperature by controlling the frequency and power of the microwave. Reactants 
including a first metal precursor 320 are then introduced on to the surface of the substrate 310 to 
form a first dielectric layer in accordance with the following reaction equation (4). 

Zr(Cl) 4 + 2H 2 0 Zr0 2 + 4HC1 (4) 

The first metal precursor 320 including Zr(Cl)4 is introduced on the substrate 310. Zr(Cl)4 is. 
activated by the heat dissipated from the surface of the substrate 310. Activated Zr(Cl) 4 is 
chemisorbed on the surface of the substrate 310, which is substituted for the hydroxyl group, to 
form a first chemisorbed layer 330. Alternatively, an infrared ray may be irradiated to the first 
metal precursor 320. 

FIG 3B illustrates Zr(Cl)4 that remains in the chamber without participating in the 
chemical reaction is exhausted. A water vapor (H2O) is introduced on to the substrate 310. Both 
ends of the water vapor and the first chemisorbed layer are mutually substituted. The end of the 
first chemisorbed layer is substituted for the hydroxyl group to form the first dielectric layer 345 
including Zr0 2 . The water vapor that does not participate in the formation of the first dielectric 
layer 345 remains in the chamber and it is exhausted. 

13 
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FIG 3C demonstrates reactants including a second metal precursor 348 that are 
introduced on to the first dielectric layer 345 to form a second dielectric layer in accordance with 
following reaction equation (5). 

Hf(Cl) 4 + 2H 2 0 -> HfD 2 + 4HC1 (5) 

5 Hf(Cl)4 is introduced on the substrate 310. Hf(Cl) 4 is activated by the heat dissipated from the 
surface of the substrate 310. Activated Hf(Cl)4 is then chemisorbed on the first dielectric layer 
345 to form a second chemisorbed layer 349. 

FIG 3D depicts Hf(Cl) 4 which does not participate in the formation of the second 
chemisorbed layer and remains in the chamber is exhausted. Ozone as an oxidizer is introduced 
10 on to the second chemisorbed layer 349 to form a second dielectric layer 350 including Hf02. 

FIG 3E depicts the reactants which do not participate in the formation of the second 
dielectric layer 350 and remain in the chamber are exhausted. Reactants including a third metal 
precursor 355 are introduced on to the second dielectric layer 350 to form a third dielectric layer 
in accordance with following reaction equation (6). 

1 5 2A1(CH 3 ) 3 + 0 3 -> A1 2 0 3 + 3C 2 H 6 (6) 

A1(CH 3 ) 3 is introduced on to the substrate 310. An infrared ray having a wave number for 
driving A1(CH 3 ) 3 is irradiated to A1(CH 3 ) 3 to selectively activate A1(CH 3 ) 3 . Activated A1(CH 3 ) 3 is 
chemisorbed on the substrate 310 to form a third chemisorbed layer 360. 

FIG 3F illustrates that the reactants that do not participate in the formation of the third 
20 chemisorbed layer and remain in the chamber are exhausted. 0 3 is then introduced on to the third 
chemisorbed layer to form the third dielectric layer 365 including A1 2 0 3 . The reactants, which do 
not participate in the formation of the third dielectric layer and remain in the chamber are then 
exhausted. 

Multiple thin films having desired kinds and thickness may be formed using repetitive 
25 processes in which the reactant is introduced and then chemisorbed. The hydroxyl group may 
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also be removed through a typical annealing process. The energy source for activating the 
reactant may be used according to characteristics of the reactant. 

Example 4 

5 FIGS. 4A to 4H are cross sectional views illustrating a method for forming a thin film on 

an integrated circuit device. FIG 4A illustrates a first insulating layer 405 formed on a substrate 
400 having a pattern thereon. The first insulating layer 405 is etched for exposing an upper face 
of the substrate 400 to form first openings 420 exposing portions of the substrate 400. The 
substrate is exposed to open air 41 1 . 

10 FIG 4B depicts the first openings 420 of FIG 4A are filled with a conductive material to 

form contact plugs 430. Next a second insulating layer 450 is formed on the contact plug 430 
and the first insulating layer 405. FIG 4C illustrates the second insulating layer 450 of FIG 4B is 
etched for exposing upper faces of the contact plugs 430 to form a second insulating layer pattern 
450a having second openings 455 exposing the contact plugs 430. A polysilicon layer 460 is 

15 formed on the second insulating layer pattern 450a to fill the second openings 455. The 
polysilicon layer 460 is continuously formed on an upper face of the insulating layer pattern 
450a. Additionally, the polysilicon layer is formed on the inner walls and bottom faces of the 
second openings 455. 

FIG 4D depicts oxide deposited on the polysilicon layer 460 to fill the second openings 
20 455. The oxide is planarized via a chemical mechanical polishing (CMP) process to form an 
oxide layer 470 filling the second openings 455 as shown in FIG 4C. 

FIG 4E shows that the polysilicon layer positioned on the second insulating layer pattern 
450a is etched to expose the upper face of the second insulating layer pattern 450a. The oxide 
layer 470 is simultaneously removed by a thickness substantially identical to an etched thickness 

15 
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of the second insulating layer pattern 450a. Accordingly, the second insulating layer pattern 450a 
divides the polysilicon layer into lower electrodes 460a of capacitors. 

FIG 4F demonstrates that the oxide layer 470 of FIG 4E was etched using a wet etching 
process to expose the lower electrode 460a. FIG 4G shows the substrate 400 was loaded into a 
5 chamber for forming a dielectric layer thereon. Reactants including a first metal precursor are 
introduced on to the lower electrode 460a to form a first chemisorbed layer 480 in accordance 
with following reaction equation (7). 

2A1(CH 3 ) 3 + 0 3 -> A1 2 0 3 + 3C 2 H 6 (7) 

An infrared ray having a wave number for driving A1(CH 3 ) 3 is irradiated to A1(CH 3 ) 3 to 

10 selectively activate A1(CH 3 ) 3 . Activated A1(CH 3 ) 3 is chemisorbed on the substrate 400 and the 
lower electrode 460a. An infrared ray having a wave number for selectively driving 0 3 is 
irradiated to 0 3 to form the first chemisorbed layer 480 including A1 2 0 3 . Reactants including a 
second metal precursor react according to following reaction equation (8) to form a second 
chemisorbed layer 485. 

1 5 HfCU + 2H 2 0 -> Hf0 2 + 4HC1 (8) 

An infrared ray is irradiated to HfCU to activate HfCU. Activated HfCU is chemisorbed on the 
first chemisorbed layer 480. An infrared ray is further irradiated to H 2 0 to form the second 
chemisorbed layer 485 including H 2 0 so that a dielectric layer 490 including the first and second 
chemisorbed layers 480 and 485 is formed. The remaining reactants in the chamber were then 

20 exhausted. 

When the process was completed, the formation of the alternating current field is 
suspended to lower the temperature of the substrate 400. Since the temperature of the substrate 
400 is augmented through the rotary motion of the molecules, the molecules stop rotating when 
the alternating current is not provided, so that the temperature of the substrate 400 may be rapidly 
25 cooled. As a result, the chemisorbtion no longer occurs. 
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FIG 4H illustrates an upper electrode 495 formed on the dielectric layer 490 so that the 
capacitor including the lower and upper electrodes 460a and 495, and the dielectric layer 490 is 
fabricated. 

It should be noted that many variations and modifications might be made to the 
5 embodiments described above without substantially departing from the principles of the present 
invention. All such variations and modifications are intended to be included herein within the 
scope of the present invention, as set forth in the following claims. 
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